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Thils Iinventlon relates to the catalytie hydrogenation
of carbon monoxlde.
In the hydnogenation of carbon monoxide, a mixture of
sarbon monoxide and hydrogen, conventlonally termed
5 "synthesis gas", 1s brought into contact wlth a sultable
catalyst and ls reacted to form aliphatlic hydrocarbons of
both the saturated and unsaturated type, and also oxygen~
containing devivatives thereof. This synthssis has becoms
goenerically known as the Flacher~Tropsch synthesls, and
10 the general conditlona of pressure, temperstures, type and
compeoaltion of catalyst, and of qatalyst addltives
easentlal for such synthesls, are well known and estab-
lished in the art.
One object of the inventlon is, among‘others, the
16 production of low-molecular, predominantly unsaturated
hydrocarbons in the satalytlic hydrogenation of sarbon
monoxide of the Placher-Tropach type.
This and obher cbjects of the Ilnvention will be
apparent from the followlng descrlptlon.
20 Acoording to the process of the Inventlon a gas
mixture containing 0.5-2 volumes of carbon monoxlide to
one velume of hydrogen, ls passed over an iron scatalyst
having an alkell metal content, celoulated as the alkall
metal monoxide, of not moré than 1% by weight at a
25 temperature of 160° = 350°C. and a preasure of 2-150
atmosphores in the presence of an organle llquid suscep-
tible to eracking under the process conditions, and

replocing the organiec 1liguid used up in the reaction by
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hydrocarbons of relatively hlgh molecular welght whloh
are llguid under the precess condltlona.

The praeferred alkeli metal is potasslum and the
prefsrred pressure lles within the range 9-25 atmospheres.
The oarbon monoxide/hydrogen content of the fresh gas fed
to the process should preferably contain about 1.5
volumes of carbon monoxlde to every volums of hydrogen.

When proceeding in thils manner within the crltical
operating oonditions stated, not only tho higher moleoular
hydrocaybons normally formed In the hydrocarbon synthesls
but also the high bolling, i.e., high molecular hydro-
carbons which are added during the hydrogenation reaction
are opnverted into lowemoleoular products of predominantly
plefinic character., This converslon to low~molecular
olefinic materlals proceeds with 1little formation of
normally gaseous hydrocarbons, particularly mothane and
othane, and the total formation of Cy - Cz hydrocarbons in
relation to the overall yleld of marketable synthesils
products rermins thus at a low order.

The process, in aceordsnce with the invention, may
be oerrled out In any conventlonal synthesls cven or
reactor, and conventional conditions of improved synthesls
regoetion deslgned to utilize, or capable of utllizing, &
sub=divided catalyst material coverod or enveloped by &
madium normally 11quid ot lonstet tho synthesis tempera-
ture may be used. The coverlng qfﬁenveloping of the
catnlyst with the liguild medlium may range from e simple
coating of the sub~dlvlded catalyst material with the
liquid agent to o suspenalon ofrcatalyst in the lilgquid

medium. Thus, in cccordance with the inventlen, the
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liquid materlal for ocovering or enveloplng the sub~divided
cotalyst may be sprayed from above on to, for example,
granular or pelletted ocatalyst materlal during the
synthesis while the syntheais gas 1s passed through the
catalyst from bobttom to top. Alternatively, the sub=-
divided catalyst material may be complstely covered iIn
the remotlon zone with the high-molescular hydrocarbon
modlum. As a still further alternative, the gatalyst may
be present as a suspension of relatively finely sub-
divided partlcles in the hydrocarbon medium. Any of the
conventionally lmown iron catalyst materials usable for
Fiacher-Tropsch synthesis may be employsd ln aceordance
with the invention, provided they possess an alkall metal
content, caloulated as the alkall motal monoxide {(e.g.
K50), of less than about 1%. The state of sub-division
of such catalyst material and the type of iron ocatalyst
material used should be such and so coordinated that the
subw~divided catalyst 1ls comparatively readlly wstbted by
the high-molecular hydrocarbon by which 1t 1s to be
covered or enveloped. WAthin the preferred embodiment

of the Inventlon, however, the oatalyst moterlal 1s used
in the form of dusts or relatlvely fine grlts, permltting
the formaﬁion of suspenslons of the moterial in the hlgher
molescular hydroocarbons.

Acyellc poreffins and oleflns of matural or synthetls —
origin and free from catalyst poisons are suitable hydro-
sarbong for use in accordance with the process of the
invention. These should be 1llquid at least at the
synthesis temperature and pressure, and liquld hydro-

carbpna of the allphatic serles, bolllng abeve 250°C,, or

—4-



10

15

20

25

30

Sy 04ls

auoh hydrocarbons which are solld at normel temperatures,
and which are, for example, normally produced ln major
quantitles in ordinary catalytio carbon monoxlde hydro-
goenatlon, are subjoct to partlcularly rapid decomposltion
in the practlce of the Invention,.

As stated above, the broad operating range of the
process, in accordance with t he Inventlon, involves
presaures rangling between 2 and 150 atm, and temperatures
between 160 and 350°C., with a synthesls gas compositlon
of about 0.5-2 volumes of carybon monoxlde per volume of
hydrogen. For most efficlent operation, rates of gas flow
are adjusted te correspoﬁd.to a veloolty of betwsen 30
and 3000 Nebm/hr. per cbm of space fllled with catalyst
material.

Within thepreferred ombodiment of the inventlon,
the hlgh yields of low-molecular oleflnic hydrocarbons may
be stlll further inereased by continuously recycling part
of the oxit gases, the gases belng introduced into .the
reaction zons together with fresh gas in a ratlo of about
1 to 10 volumss of exit gas per volume of fresh gas. S5t1ll
fupther incremses in yleld may be obtained by separating
from the recovered low=moleculor hydrocarbons and/or from
the exlt gases hydrooarbon material having o bolling
point above about 200°C. and reintroducing 1t into the
ontalytic reactlion zone,

The rate of molssular slze dimlnutlon greatly
depends on operating conditlons and catulyét properties,
that 1s to say the decomposition will be the qulcker, the
lower the molecular size of the synthesis product formed

during the hydrogenatlon of carbon monoxide. It has been
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found, for example, wlth the synthesls paraffin hydro~
ocarbons boiling above 2080°C., that the pate of decomposi-
tion is 60 g. and more per normal cublc meire of aynthesis
gas put through the resotor.

Catalytlo hydrogenation of oasrbon monoxide has been
earried out in the past in the presence of hlgher bolling
hydroearbons., In all opsss, however, these hydrocafbons
were used as an inert liguld medium, which took no part
in the synthesisreantion., Though & partlal evaporation of
the hydrocarbons has been at times resorted to for
improving the dlspersion of reaction heat and though these
hydrocarbons, after belng condensed outside the reactor,
have been continuously returned into the resotor, no
change in molecular size is obtalned. This 1s due to the
fact that the resotlion conditlions and catalysts employed,
nomely, heavily alkalized oatalysta, low synthesils
tomperatures, and low spacs veloecitles willl not produce
any redustion in moleouler size. On the other hand, the
so-called hydrogeneting decomposition of high molscular
hydrooarbons 1n the presence of hydrogenetlon catalysts
has become known, but dlffers basloally from the process
of the invention in that 1t operates wlithous simultaneous
hydrogenation of caerbon monoxide, 1.o. in the absence of
oarbon monoxide, and in that the decomposition product
contains a high perocentage of methane-up to 50% or more.

Therefore, the effect obtalned with thé prooess of
the lnvention 1s the more surprising and could in no way
be antloipated, Techniocally, it is based upon the
application of operéting condltlions and eatalyst

proparations favouring the predominant formation of low
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boiling synthaais products as well as on & sufficlently
prolonged vesidense of the higher molecular hydrocarbons
4n the contaot zone., It ls eauelly imposslble to explain
tho decompositlon into predomihantly low molscular
olefines, as effected by the invention, by the recently
puplished aasertion that the curve of molecular alze
dtstribution of the decompositlon products of hydrocarbons
15 similar to the corresponding curve for a gynthetilc
produot (see H. Kooh and W. Gilfert, Brennstoff~Chemle,
30, 213, 1949.) Contrary to what might have been expected
from thls assertion, the decomposition prodict obtained
by the process of the Inventlon, though having the same
high olefine content as the aynthesls produdt, does not
show any additional formation of methane by reason of the
desompositlon, This 1s & noteworthy polnt of basic
difference between molecular size dimlnution as provided
in the Invention and thaﬁ of all other known orackiné
progesses .,

When using iron catalysts, the alkell content,
expressed 1n terms of alkall oxide, should not exceed &
margin to be governed by catalyst concentration and
synthesls temperature. When us ing suspended iron
patalysts in the procesa of the invention, the ilron
sontent may be as much as 20~500 g. of iron per litre of
ontalyst suspension Aiquid, whlle the alkelil content
{expressed aa the monoxide) should preferably range
botween 0.15 and 2 g. per lltre of catalyst suspension

liquid.

Exemple 1.
A pressure-resilstant reqotor, 3 metres 1n height, 18
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charged from below through & flnely perforated metal
plate wlth a suspension of an oxldlc lron catalyst
contelining 450 g. of iron, % g. of copper, and 1.l g. of
potagsium in 4000 g. of liguid paraffin hydrocerbons
bolling between 300° and 330°C., at a tomperature of
270°C. and a gas pressure of 1l atmospheres, and with
CO and Hp in the ratlo of 3:2 as well as synthesls gas
containing 4-5 % of Cog with a space veloclty of 180 per
hour (i.e., 180 Nobm per oublc metre of suspension
volume) ,

The total produsts - 179 g -, formed at a conversion
of 91% of CO per Ncbm of appllied CO + Hg, include, aport
from higher bolling hydrocarbons and small quantitles of
aloohols, 20 g. of methane and ethane and 86 g. of
hydrocarbons with an olefine content of 84% and having
more than 2 carbon atoms per molscule and bolling up to

200°C. at 760 mm, Hg. ,

Exemple 2.
The same reactor as in Example 1 1s charged from

below through o finely perforated metal plate with the
suspension of an oxidic iron catalyst containlng 450 g.
of iron, 5 g. of copper, and 1.5 g. of potasslum in 4000
g. of 1iguid paraffin hydrocarbons holling between 300 and
330°C., at o temperature of 270°C. and a gas pregsure of
11 atmospheres with 00 and Hy at the ratlo of 3:2 as well
as synthesis gas containing 4-5% of COp wlth = space
veloclty of 300 per hour (1.e., 300 Nobm per cuble metre
of asuapension volume).

The total products - 182 g -, formed at a converslon

of 92% of CO per Ncbm of applied CO + Hp, include, apart
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from higher belling hydrocarbons and suall quanblties of
alcohols, 18 g. of methane and ethane gnd 132 g. of
hydrocarbons upwards of C. up to a bolling 1limlt of
200%C, at 760 mm. Hg., with an olefine content of B4%.

Then, in accordance wlth the steady decrease in
ausponsion veolume, & corresponﬁing guantity of synthesls
hydrocarbons boiling within the renge 200° - 330°C., with
an olefine content of %, 18 continuously pumpsd into
the reactor durlng synthesls, and part of the exit gas,
having been cooled down to 1590 . and mixed with fresh
aynthesis gas in the volume ratio of 1:l without
expansion, 1s pumped back 1lnto the reaoctor.

Total hydrocsrbons obtained are 218-220 g. per Nebm

of synthesls gas q:gd, containing 16 g. of methane plus

&y

KpCOg after washing, dried ot 105°C. in
layer and crushed to an average partlcle slze of
In a vertionl, oylinder-type roactor having o
helght of B m. which 1s egquipped with vartionl btubes
pontaining a coollng agent for the removel of the
reaction heat, the reactor 18 charged from above wlth
synthepls gas containing 1 volume of CO per 1.2 volumes

of Hp, ond part of thé exlt gas, after having passed the
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product deparator, 1z pumped back to the synthesls gas
inlet where 1t 1s mixed with fresh aynthesis gas and
recycled over the catalyst. The volume ratio of
rooycled gas to fresh aynthesls gas 1s adjusted to 2.5 21
approximately. Together wlth the synthesis gas, high
bolling aliphatle hydrocarbons are introduced from the
top of the reactor In a quantlty of about 50 - 200 g. per
Nobm of synthesls gas, trickling onto the upper layer of
the catalyst bed. After separation from the exit gas,
the non-converted part of the added hydrocarbons,
together with the asynthesls products boiling sbove 200°C.
approximately, are separated from the lower bolling
products and recycled to the reactor as deseribed. The
synthesis conditions are: syntheals gas pressure 15
atmospheres, temperature 220° - 300°C. The average gas
throughput ls about 200 normal cublc mebres of fresh
synthesls gas per oublc metre of catalyst apace per hour.
Using 6 »eoysle ratlo of 1 volume of fresh gas per
2.5 volumes of reoyocle gas, epproximately 88% of the
oarbon monoxlde 1ntrodd;ed wlll react in one synthesls
stage, forming 184 g, of organlc synthesls products per
normal cublo metre of CO + Hp used.
With a simulteneous throughput of 120 g. per Nebm

00 + Hp of aliphatlo hydrocarbons of the 200° - 450°C.
bolling range, a total of 264 g. of hydrocarbons ls
separated from the oxlt gas, having the following
composlition: -

Ca-Hydrooarbons 10 g/Nebm CO+Hg with 88% olefines

C4~Hydrooearbons 14 g/Ncbm CO+Hp with 87% ulefines

[ o 1
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Hydrooarbons boiling 142 g/Nebm CO+Hp with 86% olefines
wighin the ronge
25~ =200°C.

Hydrocarbons bolling 98 g/Nebm CO+Hg.
above 200°C. .

In addition, a total of 14 g. of methane, ethane and
ethylena 15 obtained together with 6 g. of water—soluble

elochols.

~11-
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The embodiments of the invention in which
ggfgﬁgéug;v§b§§g§gfiy or privilege is claimed are
1. A process for the production of hydrocarbons
of low molecular weight, which comprises contaoting
8 synthesis gas containing 0.5 - 2 volumes of carbon
monoxide to 1 volume of hydrogen with a partioulate
iron catalyst containing an alkali metal compound
in an amount, caloulated as the alkall metal
monoxide, of not more than 1% by weight, the contacting
belng affected at a temperature within the ruange
160° - 35000 and at a pressure wlthin the range
2 -~ 150 stmospheres 1ln the presence of hydrocarbons
which -are liguid and cepeble of belng cracxed.uander
the procese conditicns, effeoting the process in
Buch manner thet the sesid hydrocarbong are oracked,
and replacing the hydrosarbons whioh have been
oracked during the reaction by aliphatic hydrocarbonas
beiling sbove 200°G.
2. A process for the production of hydrocarbons
of low moleoular weight, which comprises passing a
synthesis gas containing 0,5 ~ 2 volumes of carbon
monoxide to 1 volume Of hydrogen over an iron omtalyst,
in granular or particle form, containing an elkaldi
metal compound to the oxtent of not more than 1%
by weight, the alkall content of the catalyst being
calculated as the alkall metal monoxide, at a
temperature in the range 160° ~ 350°C, and a
preasure in the range 2 - 150 atmospheres and in -
the presence of'hydrocarbons which sre liquid and
capablo of belng oracked under the process conditlons,

correlating the tumpurature and pressure conditions

-] P
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within the said ranges whereby the said hyrocarbons
are cracked, and replacing the hydrocarbons which
have been cracked during the reaction by aliphatic
hydrocarbons boiling sbove 200°C.

e A process for the production of a mixture
of aliphstic hydrocerbons containing more than two
carbon atoms in the molecule and boiling up to
20000., which comprises contacting a synthesis gas
econtaining 0,5 - 2 volumes of carbon monoxide

to 1 volume of hydrogen with an lron catalyst
suspended in aliphatic hydrocarbons having boiling
polnte over 20000. and being ilquid under the
process conditions, at B temperature in the range

160° - 55000. and at a pressure in the range 2 - 150

. atmospheres, the iron catalyst\containing an alkeli

motal compound which, caleulated a8 the alkali

metal monoxide, comprises not more than 1% by weight
of the total ircn in the oatalyet, recycliﬁg axit
gases 't0 the eontacting zone, and meintaining the
quantit§ of eliphatic hydrocarbongs in the cuntacting
zona.subefnntially constent by the addition of aliphatic
hydrocarbbns naving the same characteristics.

Y A process for the synthesis of olefina
heving boiling points up to 20000., which comprlees
contacting, at a tempersture in the range 160° -
35000. and at a' pressure in the range 2 - 150
atmospheres, a synthesls gas containing 0.5 - 2
volumes of carbon monoxide to 1 volume of hydrogen
with a finely-divided iron catelyst suspended in
allphatlc hydrocarbons which bpil above 20000 and

whieh are liguid under the synthesis condltions,
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the iron catalyst containing an alksli metal
compound es promoter which, caloulated as the alkeli
metal monoxide, is present to the extent of not more
then 1% by weight of the total iron in the catalyst,
recycling exit geses to the synthesis zone whereby
the said aliphatio hydrocarbons boiling sbove 200°C
are cracked during the synthesis, and maintaining
the quantity of the sald aliphatic hydrocarbons

in the synthesis zone substmntially constant by the
additien of aliphatic hydrocarbone having the same
characteristics,

5. A process asccording to any one of clailms

2 to L4, in which the pressure is within the rangs

of 9 to 25 atmospheres,

6, A process according to any one of claims

2 to 4, in which the syntheals gas contains about
1.5 volumes of ocarbon monoxide per volume of
hydrogen.,

7. A process according to olaim 2, in which
oxit gases are reoycled to the reaction zons,

8. A process ageording to any one of clalms

2 t0 4, in which exit gases are recycled in a

ratic of 1-10 volumes per volume of synthesls gas
feod

S. A process according to sny one of the claims
2 to L4, in which the space Weloclty of the synthesis
gas mixture is within the range 30-3000 volumes per

volume of catslyst suspension medium per hour.

L





